Catalase (antioxidant enzyme) activity in erythrocytes and serum levels of trace elements (copper, iron, zinc), heavy metals (cadmium, cobalt) and vitamins A (retinol), D (cholecalciferol) and E (atocopherol) were measured in 145 subjects comprising 47 pre-eclamptic pregnant women (PE), 48 healthy pregnant women (HP) and 50 healthy non-pregnant controls (NP). Catalase, vitamins A, D and E and levels of cobalt were significantly lower in the PE group compared with the HP and NP groups, whereas levels of copper, iron and cadmium were significantly higher in the PE group than in the HP and NP groups. Levels of zinc were significantly lower in both the PE and HP groups compared with the NP group. This assessment of oxidant/ antioxidant imbalance in pregnant women could be useful in the early identification of pre-eclampsia and antioxidant supplementation in the early weeks of gestation might be useful.
Introduction
Although the birth experience has never been as safe for mothers and infants as it is today, pre-eclampsia still occurs in 5 -10% of all pregnancies and is still one of the leading causes of maternal and fetal mortality in both developed and developing countries. 1 Despite extensive research, the aetiology of pre-eclampsia is still one of the major unsolved mysteries in obstetrics.
It is widely accepted that endothelial cell dysfunction resulting in vascular permeability plays an important role in the pathophysiology of pre-eclampsia. 2 -5 In normal pregnancy, the processes of implantation, proliferation, differentiation and trophoblast invasion produce reactive oxygen species (ROS) however in preeclampsia, lipid peroxidation, which also yields ROS (in the form of free oxygen radicals), is uncontrolled. It is speculated that pregnancy will progress uneventfully if A Kolusari, M Kurdoglu, R Yildizhan et al. Oxidant/antioxidant balance in pre-eclampsia adequate antioxidants exist to buffer ROS. 6, 7 Levels of dietary and cellular antioxidants are abnormally low in women with preeclampsia. For example, maternal blood levels of vitamins A, C and E, and of βcarotene, which has strong provitamin A activity, have been found to be decreased. 8, 9 It should be noted, however, that not all investigators have found decreased levels of vitamin E in pregnancy. 10, 11 Studies on the roles of trace elements in health and disease over the past 50 years have led to a good understanding of their mode of action and why they are essential for life. 12 Ceruloplasmin, which is a copper (Cu)-containing globulin, is an effective antioxidant, because of its ability to oxidize highly toxic ferrous iron (Fe) to the relatively non-toxic ferric form and, thus, help prevent oxidative damage to proteins, lipids and DNA. 13 Furthermore, it is thought that transferrin, the major Fe-transporting protein in plasma, has an antioxidant function. 14 Superoxide dismutase (SOD) and catalase are effective scavengers for detoxification of radicals: SOD catalyses the convertion of superoxide into oxygen and hydrogen peroxide, and catalase is an antioxidant enzyme that is predominantly located in cellular peroxisomes and converts hydrogen peroxide to water and oxygen. 15 Serum or placental zinc (Zn) concentrations have been reported to be low in pre-eclamptic women. 16 For Cu as with Zn, there is however considerable inconsistency in results concerning the relationship between maternal plasma concentrations and pre-eclampsia. 16, 17 Some metals are essential to maintain the human body's metabolism, but they can lead to poisoning as a result of bioaccumulation. 18 Lead (Pb) and cadmium (Cd) increase oxidative stress, 19 affect endothelial function, 20 promote inflammation, 21 downregulate nitric oxide production 22, 23 and induce renal dysfunction, 24 mechanisms that could implicate these metals in the development of atherosclerosis.
The present study aimed to measure the activity of catalase, which is an antioxidant enzyme, the concentrations of some trace elements (Cu, Fe and Zn) and heavy metals (Cd and cobalt [Co]), and vitamin A (retinol), vitamin D (cholecalciferol) and vitamin E (α-tocopherol) levels in serum samples of pre-eclamptic pregnant (PE) women, healthy pregnant (HP) women, and healthy non-pregnant (NP) women.
Patients and methods

PATIENTS
Recruitment was undertaken of women attending local outpatient clinics and those hospitalized on the Ward of the Department of Obstetrics and Gynaecology, Yuzuncu Yil University Faculty of Medicine. The recruitment was carried out at random over a period of 9 months from June 2007 to April 2008. The study was conducted with permission from Yuzuncu Yil University's Ethical Committee and maternal blood samples were obtained from the women in accordance with the guidelines of the Declaration of Helsinki.
The inclusion criteria for entry into the study were: normal blood pressure during the first 20 weeks of gestation (for PE women); no previous history of metabolic disorders, renal disease, chronic hypertension or diabetes mellitus; and no history of antioxidant, antihypertensive medication, or aspirin intake. None of the patients could be taking any drugs at the time of collection of the blood samples.
Pre-eclampsia was defined as: (i) persistent (> 6 h) 15 mmHg rise in diastolic blood pressure or a 30 mmHg rise in systolic blood A Kolusari, M Kurdoglu, R Yildizhan et al. Oxidant/antioxidant balance in pre-eclampsia pressure; or (ii) persistent blood pressure of ≥ 140/90 mmHg and a urine protein concentration of ≥ 30 mg/dl (or 1+ on a urine dipstick) in at least two random specimens collected at least 4 h apart.
SAMPLE COLLECTION AND STORAGE
Venous blood samples were drawn from each patient during weeks 29 -38 of gestation after fasting overnight. Serum was immediately separated by centrifugation and placed in deionized polyethylene tubes and stored at -20 ºC (without thawing) until analysis.
SAMPLE ANALYSIS
Biochemical analysis of catalase activity in erythrocytes was performed as defined by Aebi. 25 Briefly, haemolysate supernatant (0.1 ml) was added to a quartz cuvette containing 2.95 ml of 19 mmol/l hydrogen peroxide solution prepared in potassium phosphate buffer (0.05 M, pH 7.00). The change in absorbance was monitored at 240 nm over 5 min using a spectrophotometer (Shimadzu UV-1201; Shimadzu Corp., Tokyo, Japan). Activities were compared at optimum conditions. Serum concentrations of Cu, Zn, Co, Cd and Fe were determined using atomic absorption measurements from a Unicam 929 spectrophotometer (Unicam Ltd, Cambridge, UK). Levels of vitamins A, D 3 and E were determined by high-performance liquid chromatography. 26 
STATISTICAL ANALYSIS
The data were expressed as mean ± SD and analysed using one-way repeated measures analysis of variance (ANOVA). Duncan's test was used to test for differences among means for which one-way ANOVA indicated a significant (P < 0.05) F ratio. P values < 0.05 were regarded as statistically significant.
Results
PATIENT CHARACTERISTICS
A total of 145 women were recruited into the study, comprising 47 PE, 48 HP and 50 NP women. Their clinical characteristics are given in Table 1 . No significant differences A Kolusari, M Kurdoglu, R Yildizhan et al. Oxidant/antioxidant balance in pre-eclampsia were observed in maternal age or gestational age between the two groups of pregnant women. There were, however, significant differences in birth weight, systolic and diastolic blood pressures (P < 0.001), and apgar (activity, pulse, grimace, appearance, respiration) scores at 1 and 5 min (P < 0.005). As expected, infants of PE women were delivered earlier and, consequently, the mean birth weight was significantly lower in this group compared with HP women (P < 0.001).
SERUM CONCENTRATIONS
The serum concentration of catalase was significantly lower in the PE group compared with the HP and NP groups (P < 0.05; Table  2 ). Serum levels of vitamins A, D and E were also significantly lower in the PE group than in the HP and NP groups (P < 0.05; Table 2 ).
Serum levels of Cu were significantly higher in the PE group than in the HP and NP groups (P < 0.05; Table 3 ). Serum levels of Zn were significantly lower in the PE and HP groups compared with the NP group (P < 0.05; Table 3 ). Serum levels of Fe were significantly higher in the PE group when compared with the HP and NP groups (P < 0.05; Table 3 ). Serum levels of Cd were significantly higher in the PE group than in the HP and NP groups (P < 0.05; Table 3 ). Serum levels of Co were significantly lower in the PE group when compared with the HP and NP groups (P < 0.05; Table 3 ).
Discussion
During normal physiological events ROS are continuously produced and they are removed by antioxidant defence mechanisms. In pathological conditions, however, ROS are over-produced, resulting in lipid peroxidation and oxidative damage. Imbalance between ROS production and antioxidant defence mechanisms leads to oxidative modification in the cellular membrane or intracellular molecules. 27, 28 There is increasing evidence that oxidative stress is an important contributory factor in the pathogenesis of pre-eclampsia. 29 It has long been known that pre-eclampsia is associated increased levels of various oxidative stress markers and decreased activity of the antioxidant components of blood. Antioxidants, particularly vitamins, are relatively cheap to produce and, if future large studies prove that they are beneficial, they might be important for mothers in developing countries that have a high risk of morbidity and mortality associated with preeclampsia. 7 Antioxidant enzymes, such as SOD, catalase and glutathione peroxidase, are synthesized in the body and are effective in 
TABLE 2: Serum activity of catalase in erythrocytes and serum levels of vitamins A, D and E in 145 women by study group (means ± SD)
A Kolusari, M Kurdoglu, R Yildizhan et al. Oxidant/antioxidant balance in pre-eclampsia the detoxification of radicals. Specifically, catalase is predominantly located in cellular peroxisomes and converts hydrogen peroxides to water and oxygen. 15 The present study found that catalase was significantly lower in the PE group than in the HP and NP groups, an observation compatible with the results of previous investigations. 29, 30 Antioxidant nutrient levels can be manipulated simply by dietary or pharmacological supplements. 9 The importance of vitamin E and β-carotene in preventing free radical damage is well known and their levels have been reported to be significantly decreased in pre-eclampsia. 9 Maternal vitamin D deficiency may be an independent risk factor for pre-eclampsia and its supplementation in early pregnancy should be explored for preventing preeclampsia and promoting neonatal wellbeing. 31 In the present study, significantly lower levels of vitamins A, D and E were observed in PE women compared with HP and NP women. This may also be an indirect sign of consumption. 32 This indicates that increasing the levels of antioxidants and vitamins, such as vitamins A, D and E, in pregnant women may be beneficial in preventing or relieving pre-eclampsia. 33, 34 Studies on the roles of trace elements in health and disease over the past 50 years have led to a good understanding of their mode of action and why they are essential for life. Significant changes in serum trace metal concentrations, particularly Zn and Cu, have been documented during normal pregnancies. 16 In pre-eclampsia, decreased maternal and fetal serum Zn levels have been recorded, 35 -37 and the lowered Zn concentrations have been suggested to be at least partly a result of reduced levels of oestrogen and Zn binding protein. 37 The present study also showed a decreased level of serum Zn in pre-eclampsia. Although Fe is an essential nutritional trace element, it is known that either excess or deficiency also lead to oxidative DNA damage. 38 Some previously published studies have demonstrated that serum Fe and Cu levels are elevated in preeclampsia, 39 -41 and significantly higher serum Fe and Cu levels were observed in the present study in PE compared with HP women.
The heavy metal, Cd, is known to be toxic, carcinogenic and related to the development of atherosclerosis through various mechanisms. 19, 22 The present study found that the level of serum Cd significantly increased in PE women. On the other hand levels of serum Co were decreased in PE; the level was similar to that reported in a previous study. 42 In conclusion, the assessment of oxidant/antioxidant imbalance in pregnant women could be useful in the early identification of pre-eclampsia, and antioxidant supplementation in the early weeks of gestation might improve maternal and perinatal outcome in pregnant women. More studies are needed, however, to verify and clarify the relationship between antioxidant levels and pre-eclampsia.
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